The lateral bed nucleus of the stria terminalis (BSTL) is involved in mediating anxiety-related behaviors to sustained aversive stimuli. The BSTL forms part of the central extended amygdala, a continuum composed of the BSTL, the amygdala central nucleus, and cell columns running between the two. The central subdivision (BSTLcn) and the juxtacapsular subdivision (BSTLJ) are two BSTL regions that lie above the anterior commissure, near the ventral striatum. The amygdala, a heterogeneous structure that encodes emotional salience, projects to both the BSTL and ventral striatum. We placed small injections of retrograde tracers into the BSTL, focusing on the BSTLcn and BSTLJ, and analyzed the distribution of labeled cells in amygdala subregions. We compared this to the pattern of labeled cells following injections into the ventral striatum. All retrograde results were confirmed by anterograde studies. We found that the BSTLcn receives stronger amygdala inputs relative to the BSTLJ. Furthermore, the BSTLcn is defined by inputs from the corticoamygdaloid transition area and central nucleus, while the BSTLJ receives inputs mainly from the magnocellular accessory basal and basal nucleus. In the ventral striatum, the dorsomedial shell receives inputs that are similar, but not identical, to inputs to the BSTLcn. In contrast, amygdala projections to the ventral shell/core are similar to projections to the BSTLJ. These findings indicate that the BSTLcn and BSTLJ receive distinct amygdala afferent inputs and that the dorsomedial shell is a transition zone with the BSTLcn, while the ventral shell/core are transition zones with the BSTLJ. J. Comp. J. Comp. Neurol. 521:3191-3216, 2013. 
The bed nucleus of the stria terminalis (BST) forms part of the extended amygdala, a forebrain continuum that mediates autonomic, motor, and neuroendocrine responses to emotionally relevant stimuli. The "central extended amygdala" is comprised of the lateral bed nucleus of the stria terminalis (BSTL), the central nucleus of the amygdala (CeN), and columns of cells running between the two structures, both within the stria terminalis and in the subpallidal region (central sublenticular extended amygdala, SLEAc) (Alheid and Heimer, 1988) . The BSTL and CeN are each composed of multiple subdivisions whose internal organization is similar, mirroring one another in terms of cell type and histochemistry (Martin et al., 1991; Heimer et al., 1999) . The main components of the BSTL are the large central subdivision (BSTLcn), the thin capsule that surrounds it (BSTLc), the juxtacapsular subdivision (BSTLJ), and the posterior subdivision (BSTLP). The BSTLD is a cellular matrix surrounding the BSTLcn and BSTLc, and is often seen just beneath the ventromedial caudate nucleus.
Mounting evidence indicates that the CeN and the BSTL mediate related but distinct responses to aversive stimuli. While the CeN mediates rapid behavioral and autonomic fear responses to immediate threats and conditioned cues, the BSTL mediates sustained fear responses (likened to anxiety) to threat cues maintained over long periods of time, or cues signaling a potential threat (Walker and Davis, 1997; Fendt et al., 2003; Sullivan et al., 2004; Zimmerman and Maren, 2011) . Recent studies in primates and humans support this distinction, showing that the BSTL is involved in "threat monitoring" and may be responsible for individual differences in anxiety (Fox et al., 2008; Duvarci et al., 2009; Somerville et al., 2010) .
The BSTL resides behind the ventral striatum, where it merges with the ventral striatal shell. The ventral striatum is classically divided into shell and core subterritories based on histochemical, connectional, and pharmacologic features. The shell, which is directly adjacent to the BST, is further subdivided into dorsomedial, ventral, and lateral components based on behavioral and pharmacologic studies (Meredith et al., 1996; Kelley, 1999; Reynolds and Berridge, 2002; Ikemoto et al., 2005) . In rodents, some authors have noted similarities between the dorsomedial shell and the central extended amygdala with respect to cell morphology, histochemical features, and connections and have described this region as a transition zone (Alheid and Heimer, 1988; Heimer et al., 1997 ; but see Zahm, 1998) . Across species, both the BSTL and ventral striatum receive strong inputs from the amygdala (Novotny, 1977; Fudge et al., 2002 Fudge et al., , 2004 .
The amygdala is a complex structure formed by multiple subnuclei. Specific amygdala subnuclei send differential projections to the ventral striatal subterritories, along a gradient from the dorsomedial shell to the ventrolateral shell and core (Russchen et al., 1985b; Friedman et al., 2002; Fudge et al., 2002) . Previously, we noted that amygdala inputs to the dorsomedial shell in the monkey are distinct from inputs to more ventral and lateral shell regions, with inputs to the dorsomedial shell arising more from the corticomedial amygdala and corticoamygdaloid transition area (CTA), in contrast to the well-described basal and accessory basal nucleus inputs to the ventral and lateral shell and core (Russchen et al., 1985b; Fudge et al., 2002) .
Given the importance of the BSTL and ventral striatum for emotion-related behaviors, we had two goals for this study. The first was to determine the organization of amygdala afferents to BSTL subterritories in nonhuman primates using retrograde and anterograde tracing studies. We hypothesized that discrete subdivisions of the BSTL receive differential amygdala inputs just as specific subdivisions of the ventral striatum receive differential amygdala afferent projections. In addition, because of the BSTL's close proximity to the ventral striatum, the second goal of the study was to compare amygdaloid projections to the main BSTL subdivisions with those of adjacent striatal territories. We focused specifically on the BSTLcn and the BSTLJ, which lie in close proximity to the ventral striatum and are thought to play a role in responses to stressful stimuli. DM 
MATERIALS AND METHODS Injection sites
For the retrograde studies, we placed small injections (40 nL) of the tracers Lucifer yellow, conjugated to dextran amine (LY; 10%, Molecular Probes, Eugene, OR), tetramethylrhodamine, conjugated to dextran amine ("fluoruby", FR; 4%, Molecular Probes), fluorescein conjugated to dextran amine (FS; 10%, Molecular Probes), or wheat-germ agglutinin-horseradish peroxidase (WGA; 10%, Sigma, St. Louis, MO) diluted in 0.1 M PO 4 into the BST and ventral striatum. In a separate group of animals, anterograde injections into the amygdala were placed using 40 nL of the tracers, LY, FR, FS, or 200 nL of tritiated amino acids (AA) (1:1 ratio of tritiated proline and leucine: PerkinElmer, Boston, MA). Previous studies have indicated that there is no crossreactivity of antibodies to FR, FS, WGA, and LY (Haber et al., 2000) . In our experience FR, FS, LY, and AA have similar anterograde properties, and are sensitive indicators of terminal fields when survival is between 10-14 days. In the retrograde studies FR, FS, and LY have similar retrograde properties. However, WGA injected into similar regions results in relatively more labeled cells, albeit in a similar distribution.
Surgery
Nineteen Old World male primates (Macaca fascicularis, n 5 18; Macaca nemestrina, n 5 1) (2-3 years old) weighing between 2.5-4.9 kg were used in this study (World Wide Primates, Tallahassee, FL; Three Springs Laboratories, Pekaski, PA; Labs of Virginia, Yemassee, SC; Alpha Genesis, Yemassee, SC). All experiments were carried out in accordance with National Institutes of Health guidelines. Experimental design and techniques were aimed at minimizing animal use and suffering and were reviewed by the University of Rochester Committee on Animal Research. To minimize animal use, several of these injections were performed as parts of other studies (Fudge et al., 2004 Fudge and Tucker, 2009) . Stereotaxic coordinates were determined prior to injection using magnetic resonance imaging (MRI) (3 Tesla, coronal sections, 0.8 mm thick, 0.1 mm apart).
Initial anesthesia was administered by intramuscular injections of ketamine hydrochloride (10 mg/kg). Animals were intubated, and a deep plane of anesthesia was induced by isofluorane gas, maintained as needed during surgery. A craniotomy was performed and the bone flap removed to visualize cortical surface landmarks. Small deposits of tracer were pressure-injected over 10-15 minutes into the BSTL or ventral striatum using a 0.5-lL Hamilton syringe with an attached glass pipette (tip diameter at 40 lm) (Hamilton, Reno, NV). The syringe was left in place for an additional 20 minutes to prevent leakage of tracer up the needle track. Only one injection for each type of tracer was used per animal. Following injection placement, the bone flap was replaced and overlying muscles and skin sutured. Anterograde injections of tracer into various amygdala subnuclei were performed as part of previous studies and were used for comparison (Fudge and Tucker, 2009; Fudge et al., 2012) .
Two weeks after surgery, animals were deeply anesthetized and killed by perfusion through the heart with 0.9% saline containing 0.5 ml of heparin sulfate (200 ml/min for 10 minutes), followed by cold 4% paraformaldehyde in a 0.1 M phosphate buffer/30% sucrose solution (100 ml/min for 1 hour). The brain was extracted from the skull, placed in a fixative overnight, and then put through increasing gradients of sucrose (10%, 20%, 30%). Brains were cut on a freezing microtome (40 lm) and all sections were stored in cryoprotectant solution (30% ethylene glycol and 30% sucrose in 0.1 M phosphate buffer) at 220 C (Rosene et al., 1986) .
Immunocytochemistry (Table 1) Characterization of antibodies
The antibodies used for detection of the specific tracer molecules have been documented in numerous tracttracing studies (Lanciego and Wouterlood, 2011) . The pattern of labeled cells and fibers in the amygdala and BST, respectively, for all tracer/antibody combinations was similar to previously reported results (e.g., Ottersen and Ben-Ari, 1979; Russchen et al., 1985a; Grove, 1988; Fudge et al., 2002 ) (see also Technical considerations, Discussion). The pattern of calbindin-D28K (CaBP) expression was identical to published reports for our regions of interest as well as in other brain areas such as the substantia nigra (Cote et al., 1991; Meredith et al., 1996) . Finally, the pattern of enkephalin, somatostatin, and neurotensin immunoreactivity in the basal forebrain matched previously published results in human and monkey (Mai et al., 1987; Martin et al., 1991; Heimer et al., 1999; Fudge and Haber, 2001 ).
Tracers
For retrograde analyses, 1:8 sections through the brain were immunostained for tracer. Sections were rinsed in 0.1 M phosphate buffer (pH, 7.2) with 0.3 Triton-X (PB-TX) and treated with peroxidase inhibitor for 5 minutes, followed by more rinses in 0.1 M PB-TX. Sections were then preincubated in a blocking solution of 10% normal goat serum (NGS) in 0.1 M PB-TX for 30 minutes. Tissue was placed in primary antisera to LY (1:2,000, Molecular Probes, rabbit), FS (1:2,000, Molecular Probes, rabbit), FR (1:1,000, Molecular Probes, rabbit), and WGA (1:2,000, Sigma, rabbit) for 96 hours at 4 C. After thorough rinsing with 0.1 M PB-TX, and preincubation with 10% NGS-PB-TX, sections were incubated in biotinylated antirabbit secondary antibody (1:200; Vector, Burlingame, CA). Tracers were visualized using avidin-biotin reaction (Vector ABC Standard kit). Additional compartments for each case were processed for tracer and counterstained for cresyl violet. Detection of these tracer molecules in tract-tracing has been extensively documented (see Technical considerations, Discussion). Enkephalin, somatostatin, neurotensin, and CaBP-immunoreactivity (IR) To identify the relative location of the BSTL injection sites, the distribution of retrogradely labeled cells in specific amygdala nuclei, and the distribution of anterogradely labeled fibers in BSTL subdivisions, we used a variety of histochemical stains in adjacent sections, including cresyl violet, acetylcholinesterase (AChE), enkephalin (ENK), neurotensin (NT), and somatostatin (ST). ENK, ST, NT, and AChE were used to distinguish BSTL and amygdala subnuclei (Amaral and Bassett, 1989; Martin et al., 1991; Walter et al., 1991; Heimer et al., 1999) . For example, ST-IR was used to distinguish the BSTLcn, where it is high relative to the adjacent BSTLJ. Both NT and ST demarcated the SLEAc from the neighboring globus pallidus (see Results). CaBP-IR was chosen to identify the boundaries of the globus pallidus versus the SLEAc, and the boundary between shell and core subterritories of the ventral striatum (Chang and Kuo, 1991; Cote et al., 1991; Meredith et al., 1996) .
For visualization of neuropeptide and CaBP proteins, sections were rinsed in 0.1 M PB-TX, preincubated in 10% NGS-PB-TX as described above, and then incubated for 96 hours at 4 C in CaBP (Sigma; 1:10,000, mouse), ENK (Immunostar, Hudson, WI; 1:1,000, rabbit), ST (Immunostar; 1:1,000, rabbit), or NT (Immunostar, 1:1,000, rabbit). Sections were then rinsed, blocked with 10% NGS-TX, and incubated with the appropriate secondary biotinylated mouse or rabbit antibody. Following rinsing, the molecules were visualized using avidin-biotin reaction as described above. AChE staining was performed using the Geneser technique (GeneserJensen and Blackstad, 1971) .
Autoradiography
Tissue sections were mounted on chrome alum gelatin-coated slides, dehydrated in increasing gradients of alcohol, and cleared in xylene for 48 hours. Slides were then dipped in Kodak NTB2 photographic emulsion (Kodak, Rochester, NY) and exposed for 4-6 months in 
Analysis

Retrograde injection sites
The relative position of the retrograde injection sites was confirmed by charting the injection site and an adjacent neuropeptide-immunoreactive or AChE-stained section. We also analyzed the localization of the injection site by inspecting the pattern of projections to or from other brain regions based on the literature. For example, injection sites that included the BSTLcn resulted in anterogradely labeled fibers in the parabrachial nucleus and paraventricular nucleus of the hypothalamus, while injection sites in the BSTLJ had few to no anterogradely labeled fibers in these areas, and resulted in projections to the dorsal tier of the substantia nigra, pars compacta (Moga et al., 1989; Dong et al., 2001b; Fudge and Haber, 2001) . Injection sites in the BSTL that spread into the overlying striatum resulted in labeled fibers in the globus pallidus, and were classified as such.
The distribution of retrogradely labeled cells in specific amygdala nuclei was charted for each case individually using Neurolucida (MicroBrightField, Rutland, VT) under 103 objective with brightfield illumination. The boundaries of various amygdaloid subregions, along with identifying landmarks such as blood vessels and fiber tracts were then hand-drawn from adjacent sections stained with cresyl violet or AChE using a Jena macroprojector. Boundary charts were converted into digital form using a drawing tablet interfaced with the program Adobe Illustrator CS2 (Adobe Systems, San Jose, CA), and carefully aligned with cell distribution charts, matching blood vessels, and fiber tracts for reference. Additional sections counterstained with cresyl violet were used to confirm these data.
To compare the relative distribution of labeled cells in specific amygdala nuclei resulting from different injection sites, we created composite charts using transparent layers in Adobe Illustrator CS2. Although WGA results in relatively more labeled cells compared to similar injections of LY, FS, and FR, the distribution pattern is the same. Digital charts of retrogradely labeled cells and nuclear boundaries were matched for rostrocaudal level across cases, and then carefully overlaid in Adobe Illustrator CS2. Landmarks such as fiber tracts, as well as subnuclear boundaries previously charted from AChEstained adjacent sections, were used for alignment.
Anterograde injection sites
The location of anterograde injection sites in specific amygdala nuclei was determined using adjacent sections stained for AChE and cresyl violet (Fudge and Tucker, 2009; deCampo and Fudge, 2012; Fudge et al., 2012) . The distribution of labeled fibers in the BSTL subdivisions was determined using a 203 objective in conjunction with brightfield and darkfield illumination. Hand-drawn charts were created, scanned into the computer using Adobe Photoshop CS2, and imported into an Adobe Illustrator CS2 format. Adjacent sections immunoreacted for BSTL subdivision-specific markers were used to localize labeled fibers within specific subdivisions.
Digital photography for brightfield and darkfield images was done with an Insight 4 Megasample Camera mounted on the microscope using SPOT imaging software v. 5.0 (Sterling Heights, MI). Captured images were optimized in Adobe Photoshop using the brightness/contrast tool.
RESULTS
Nomenclature of the BST subdivisions (Fig. 1)
We used classification schema by Heimer and others, which recognizes two major divisions, the lateral (BSTL) and medial (BSTM) in monkeys and humans (Lesur et al., 1989; Martin et al., 1991; Heimer et al., 1999; De Olmos, 2004) . The distribution and intensity of markers used in these primate studies and the present results are similar. The focus of this study, the BSTL, is comprised of several subdivisions that are distinguished by histochemical properties. Ventrally, the BSTL extends below the globus pallidus and is contiguous with the "central division of the sublenticular extended amygdala" SLEAc.
BSTLcn, BSTLc, BSTLD
The BSTLD is the rostralmost subdivision of the BSTL, in which the BSTLcn, the BSTLc, and a few smaller "accessory" islands are embedded. The BSTLc, which surrounds the BSTLcn, is composed of cells embedded in fibers of the stria terminalis (Fig. 1A ,D,G,J). The BSTLcn is an oval cellular mass that extends along the entire rostrocaudal extent of the BSTL, although it is most clearly seen at central to caudal levels ( Fig.  1C ,F,I,L). The BSTLcn exhibits low to moderate staining for AChE, and is surrounded by the BSTLc which, because of its fibrous components, is AChE-poor ( Fig.  1A-C) . In contrast, in ENK preparations the BSTLcn stains prominently as an oval-shaped mass surrounded by thick, ENK-positive fibers of the BSTLc (Fig. 1D-F) . Similarly, NT and ST immunostaining reveal the BSTLcn as a strongly labeled oval mass containing numerous labeled cells and fibers, encapsulated by a darkly stained BSTLc ( Fig. 1G -I,J-L).
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BSTLJ
The BSTLJ is located between the internal capsule laterally and the BSTLcn medially. It merges with the overlying BSTLD and striatum adjacent to the internal capsule. It is easily distinguished from the BSTLcn by high AChE activity and distinct immunostaining characteristics. Visualized with AChE staining, the BSTLJ stains darkly as a narrow strip, similar to the overlying striatal mass (Fig. 1A-C) . In contrast to the BSTLcn, ENK-IR, ST-IR, and NT-IR are low in the BSTLJ (Fig. 1D-L ).
BSTLP
The BSTLP extends ventrally from the BSTLcn to the anterior commissure and continues caudally to merge with the SLEAc. Supracommissurally, the BSTLP is situated between the BSTM and the BSTLcn (Fig. 1B ,E,H,K), and exhibits moderate staining for AChE, ST, and NT ( Fig. 1A -C,G-I,J-L). In ENK preparations, the BSTLP also has moderate staining (Fig. 1E ), which decreases caudally (Fig. 1F ).
SLEAc
The SLEAc is a column of cells ventral to the globus pallidus (known as the "lenticular nucleus" in older literature) that links the BSTL with the CeN. The SLEAc appears to extend from the BSTLP and, like it, is also clearly visualized with NT staining, appearing as a column of cells sweeping laterally through the basal forebrain ( Fig. 1J-L) . Unlike the BSTLP, however, the SLEAc also stains darkly for ENK. The SLEAc is easily differentiated from the adjacent globus pallidus using CaBP staining, which is low in the SLEAc but moderate in the globus pallidus (not shown).
Amygdaloid subnuclei (Fig. 2)
Amygdala subnuclei are described according to Price et al. (1987) , with two exceptions. We refer to the transition region between the medial basal nucleus, the periamygdaloid cortex, and the entorhinal cortex as the "corticoamygdaloid transition area" (CTA), a name given by Crosby and Humphrey (1941) . For the CeN, we use the naming schema of De Olmos (1990) .
The CeN forms the caudal pole of the central extended amygdala. It is located in the dorsal amygdala and merges rostrally with the anterior amygdaloid area (AAA), and the SLEAc (Fig. 2B-D) . The CeN is subdivided into medial (CeM) and lateral divisions, the latter comprised of the lateral central (CeLcn) and lateral capsular (CeLc) subdivisions. The CeLcn is an oval region with low AChE activity, and is surrounded by fibers and cells of the CeLc (Fig. 2F-H) . The CeM is a funnelshaped area that sweeps medially around the CeLcn and contains moderate AChE activity, distinguishing it from the CeLcn ( Fig. 2F-H) . In AChE staining, as well as with histochemical staining with neuropeptide markers (not shown), the CeM and CeLcn mirror the pattern in the BSTLP and BSTLcn, respectively ( Fig. 1A-C) .
The remaining amygdala subnuclei are divided into "deep" and "superficial" nuclear groups. The "deep" nuclear group includes the lateral, basal, and accessory basal nuclei. The basal nucleus extends along the rostrocaudal extent of the amygdala, and is subdivided into magnocellular (Bmc), intermediate (Bi), and parvicellular (Bpc) subdivisions. AChE activity is highest in the Bmc and decreases gradually in the Bi and Bpc ( Fig. 2E-G) , paralleling the gradual decrease in pyramidal cell size from the Bmc to Bpc (Fig. 2B,C) . At all rostrocaudal levels, the basal nucleus is intimately associated with the paralaminar nucleus (PL), a sheet of heterogeneous cells that wraps around the Bpc rostrally and caudally ( Fig.  2A-D,I ). The PL breaks up into cell clusters and merges with the Bpc and periamygdaloid cortex (PAC) medially, at the level of the amygdaloid fissure (semiannular sulcus) (Fig. 2I, arrowhead) . This confluence creates a highly undifferentiated cortical bridge between the Bpc laterally, the entorhinal cortex ventrally and the PAC dorsally (Crosby and Humphrey, 1941; Rosene and Van Hoesen, 1987; deCampo and Fudge, 2012) (Fig. 2B -C,F-G,I, asterisk). We refer to this region as the "corticoamygdaloid transition area (CTA)," to emphasize the lack of clear boundaries that exist between the PAC, entorhinal cortex, and the Bpc and PL.
The last of the deep nuclei, the accessory basal nucleus, is composed of the magnocellular (ABmc), parvicellular (ABpc), and superficial (ABs) subdivisions. The ABs has also been referred to as the rostralmost extension of the amygdalohippocampal area (Amaral et al., 1992; De Olmos, 2004) (Fig. 2G) . The ABmc and ABs are both marked by high AChE staining, while the ABpc has low levels of AChE ( Fig. 2F-H) .
The superficial amygdala includes the anterior (CoA) and posterior (CoP) cortical nuclei, the medial nucleus (M), nucleus of the lateral olfactory tract (NLOT), the periamygdaloid cortex (PAC), and amygdalohippocampal area (AHA). All of these regions except the NLOT and the AHA have low AChE activity ( Fig. 2E-H) .
Intercalated islands are collections of small, tightly packed cell clusters interspersed in fiber bundles separating and surrounding the major amygdala subdivisions. They are best seen with Nissl staining under high-power magnification (not shown).
Retrograde cases BSTL injections
Relative placement of retrograde injections in BSTL subdivisions (Fig. 3A, Table 2 ). There were a total of seven injections in the BSTL. Three injections were centered in the BSTLcn (J24FS, J28WGA, J29WGA), with some encroachment on adjacent subdivisions but no leakage into the striatum (Fig. 3A , light gray). One small injection landed in the BSTLD, centered between the BSTLcn and BSTLJ, with slight Amygdala-bed nucleus pathway in primates
The Journal of Comparative Neurology | Research in Systems Neuroscience encroachment on the BSTLP (J28LY, light gray). Three cases were centered in the BSTLJ (J28FS, J28FR, J29FR), none of which spread into the BSTLcn or BSTLP (Fig. 3A, dark gray) . However, two of these injections spread into the overlying ventromedial caudate nucleus (J28FR, J29FR).
Distribution of retrogradely labeled cells in the amygdala BSTLcn, BSTLc, and BSTLD: Cases J29WGA (Fig. 4A) , J24FS, J28WGA, J28LY (not shown).
The BSTLcn was involved in the injection site in all cases except J28LY. In these instances, the distribution of retrogradely labeled cells was similar, and representative case J29WGA is described in detail (Fig. 4A) . The majority of labeled cells were concentrated in the CTA and medial Bpc, the ABs, and both the CeM and CeLcn (Fig. 5A-F ). There were also a few labeled cells interspersed in the fibers of the CeLc. The relatively high number of labeled cells in the CTA was particularly striking, appearing as a dark band of cells, sweeping from the medial Bpc towards the semiannular sulcus ( Fig. 5D-F, arrowheads) .
Moderate numbers of labeled cells occupied the Bi and Bmc, and were aligned along the medial border of the basal nucleus. Moderate numbers of retrogradely Figure 2 . Coronal sections through the rostral to caudal primate amygdala stained using cresyl violet (A-D), and sections processed for AChE activity (E-H). I: Higher-power photomicrograph of the primate CTA, at the level of panel C (boxed area). The asterisk is centered on the CTA, which is situated in the semiannual sulcus (arrowhead) between the trilaminar PAC and the six-layered entorhinal cortex. Scale bars 5 2.5 mm in A-D,E-H; 1 mm in I.
labeled cells were also found in the ABpc and ABmc. Labeled cells in the ABpc were found along its ventral border, adjacent to cells in the Bi and Bpc. Low concentrations of retrogradely labeled cells were found in the PAC, with a few scattered retrogradely labeled cells found in the CoP and M.
In contrast, a tiny injection placed mainly in the BSTLD, and involving little of the BSTLcn (case J28LY), had relatively fewer labeled cells in the amygdala. These predominated in the ABmc, Bi, and Bpc, similar to injections into the BSTLJ (described below). BSTLJ: Cases J28FS (Fig. 4B) , J29FR, J28FR (not shown). The distribution of labeled cells was similar among all cases involving the BSTLJ, including cases in which the injection site spread dorsally into the striatum. Case J28FS, with an injection confined to the BSTLJ, is described in detail (Fig. 4B) . Overall, injections in the BSTLJ resulted in a more restricted distribution of labeled cells than cases involving injections in the BSTLcn. In the BSTLJ, the majority of labeled cells were in the ABmc (see also Fig. 5G-I ), followed by moderate numbers of labeled cells in the Bmc, Bi, and the medial-central Bpc (Fig. 4B) . Throughout the basal nucleus, labeled cells were dispersed medially and centrally, with a few labeled cells in the ventrolateral Bpc.
There were scattered labeled cells in the medial Bpc/ CTA, CeM, PAC, AAA, and AHA, and few to no cells in the remaining nuclei.
Ventral striatal injections
Ventral striatum injection site placement (Fig.  3B , Table 3) There were seven injections placed at different positions in the ventral striatum. Four injections were centered in the shell of the ventral striatum (J24WGA, J26FS, J27FS, J27FR). Case J24WGA was centered in the dorsomedial shell with slight spread into the ventromedial caudate (Fig. 3B, light gray) . Cases J26FS, J27FS, and J27FR were confined to the ventral shell (Fig. 3B, gray) . There was also one injection site confined to the core of the ventral striatum (J13WGA) (Fig.  3B, black) , one injection in the ventromedial caudate nucleus (J24FR), and one injection into the central caudate nucleus (J25FS) (Fig. 3B, white) .
Distribution of labeled cells in the amygdala Dorsomedial shell: Case J24WGA (Fig. 6A) . High High concentrations of retrogradely labeled cells were found in the CTA, medial Bpc, ABmc, ABs, and AHA. Moderate numbers of cells were present in the CoP, CeM, M, the PAC, and the ABpc. There were few to no cells in the CeLcn, CeLc, or Bmc.
Ventral shell: Cases J27FS (Fig. 6B) , J26FS, J27FR (not shown). Retrogradely labeled cells following all ventral shell injections were mainly confined to ABmc and central Bpc and Bi. There were a few scattered cells found in the medial Bpc and ABpc. A few labeled cells in the CeM were seen after the more ventral injection sites (J26FS and J27FR), but not in case J27FS. Overall, the pattern of labeled cells in the amygdala was similar to the distribution of labeled cells seen after BSTLJ injections.
Ventral core: Case J13WGA (not shown). Compared to the ventral shell injections, an injection placed in the core resulted in relatively fewer labeled cells, but in 
Anterograde cases
Injection site placement in the amygdala subregions ( Fig. 7) We used 20 injections of bidirectional tracer into the amygdala to assess the pattern of labeled fibers within specific BSTL subdivisions and the ventral striatum. There were eight injection sites in the basal nucleus: three were in the Bmc (J12FR, J12LY, J16LY), and five in the Bpc (J20LY, J15LY, J14FS, J15FS, J14FR). In the Bmc, injections in cases J12FR and J16LY were located medially within the Bmc, with the injection in case J16LY located dorsal to that in J12FR. Case J12LY had an injection that was mostly in the lateral Bmc, but also included part of the CeM. In the Bpc, three injections (J20LY, J15FS, J14FS, asterisks) were located in the vicinity of the medial Bpc/CTA. The injections in cases J15FS and J14FS were caudal to the injection in case J20LY. Case J15LY had an injection in the central Bpc, and the injection site in case J14FR was located in the ventrolateral Bpc. Five injections were placed in the accessory basal nucleus: two were confined to the Figure 6 . Charts of retrogradely labeled cells through the rostrocaudal amygdala (left to right) following tracer injections in the dorsomedial shell (J24WGA) (A) and the ventral shell (J27FS) (B). One dot represents one cell.
ABmc (J8LY and J12FS), one was confined to the ABpc (J18FR), and two larger injections encompassed both the ABmc and ABpc (J21FR, J20FS). In the ABmc injections, the injection in case J8LY was centered in the dorsal aspect of the ABmc, while in case J12FS a smaller injection site was in the caudal ABmc. There were four injections in the CeN: one site was confined to the CeM (J9LY), two were confined to the CeLcn (J9FS, J1LY), and one injection included both the CeM and CeLcn (J1FR). All four injections included the CeLc but did not encroach on the amygdalostriatal area. Two injections were located in the M (J19LY, J16FR). One injection site also encompassed the AHA and ABs (J15AA). A large injection site covered the majority of the L, with spread to surrounding white matter (J17 LY).
Distribution of anterogradely labeled fibers in the BSTL and ventral striatum Bmc: Cases J12FR (Fig. 8) , J12LY, J16LY (not shown). The concentration of labeled fibers in the BSTL was highest following the two more medially placed injections, consistent with the distribution of labeled cells seen in retrograde cases. Case J12FR is described in detail. Labeled fibers were most densely distributed to the BSTLJ, and there was a light concentration of labeled fibers in the BSTLP (Fig. 8A,B ). There was a conspicuous absence of labeled fibers in the BSTLcn (or BSTLc) that stood out as a fiber-poor oval structure (Fig. 8C) . The absence of labeled fibers in the BSTLcn indicates that any retrogradely labeled cells seen in the Bmc following retrograde injections likely resulted from tracer uptake in the BSTLJ or BSTLP. 
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In the ventral striatum, there were high concentrations of labeled fibers in the ventral and lateral shell and small patches of labeled fibers in the core of the ventral striatum (Fig. 8D ) and ventromedial caudate nucleus (not shown). The dorsomedial shell was relatively devoid of labeled fibers.
Medial Bpc/CTA: Cases J20LY (Fig. 9) , J15FS, J14FS (not shown). The concentration of labeled fibers in the BSTL subdivisions was high for all injections involving the medial Bpc/CTA. However, the pattern of distribution among subregions depended on the rostrocaudal location of the injection. Case J20LY, the most rostral injection, is described first. Labeled fibers were found in all subdivisions of the BSTL, with highest concentrations in the BSTLcn (Fig. 9A,B ). There were many labeled fibers in the BSTLD, at the junction of the ventral striatum (not shown). At the level of the anterior commissure (Fig. 9A) , moderate concentrations of labeled fibers overlapped the BSTLcn, including the BSTLc and BSTLP. There were a concentrated number of LY-positive fibers in the BSTLJ at this level. As the decussation of the anterior commissure reached its caudal extent, labeled fibers were most densely concentrated in the BSTLcn, with a moderate concentration of labeled fibers in the BSTLJ and a light concentration of labeled fibers in the BSTLP (Fig. 9B,C) . At this level, varicose fibers in the SLEAc were moderately concentrated. Passing fibers, seen following all anterograde injections, and depicted in the photomicrograph (Fig.  9C, asterisks) , were not charted. Interestingly, injections in the caudal medial Bpc/CTA (cases J15FS and J14FS) resulted in a more restricted pattern of labeled fibers in the BSTL. In these cases, there were many labeled fibers in the BSTLcn and BSTLc, moderate concentrations of labeled fibers in the BSTLP, but virtually no labeled fibers in the BSTLJ. This suggests that the caudal medial Bpc/CTA projection is relatively confined to the BSTLcn and BSTLP, while more rostral CTA has a broader input that includes the BSTLJ.
The pattern of labeled fibers in the ventral striatum also depended on the rostrocaudal location of the medial Bpc/CTA injections. Labeled fibers were confined to the dorsomedial shell following caudal medial Bpc/CTA injections (cases J15FS and J14FS), whereas anterogradely labeled fibers resulting from the more rostrocentral medial Bpc/CTA (case J20LY) occupied the dorsomedial shell with additional patches of labeled fibers in ventral shell and core rostrally (Fig. 9D) , and ventromedial caudate nucleus and ventromedial putamen caudally (not shown).
Central Bpc: Case J15 LY (not shown). This injection site was centered in the central Bpc. In contrast to cases involving the medial Bpc/CTA, high concentrations of labeled fibers occupied only the ventrolateral edge of the BSTLcn and BSTLc. There were high concentrations of thin, varicose labeled fibers packed in the BSTLJ. The BSTLP and contiguous SLEAc also contained moderate concentrations of labeled fibers, similar to the more medial injections involving the CTA.
In the ventral striatum, there were many labeled fibers in the ventral shell, but no labeled fibers in the dorsomedial shell. The core of the ventral striatum had a light distribution of labeled fibers and there were no labeled fibers in the caudate nucleus.
Lateral Bpc: Case J14FR (not shown). Labeling in the BSTL was negligible; however, a few scattered fibers could be seen in the SLEAc. Labeled fibers in the ventral striatum were confined to the ventrolateral shell.
ABmc: Cases J8LY (Fig. 10) , J12FS, J20FS, J21FR (not shown). In cases involving the ABmc alone (J8LY and J12FS), there was a dense distribution of finely beaded fibers in the BSTLJ (Fig. 10A,B) . Posterior to the anterior commissure, moderate numbers of labeled fibers were also found in the BSTLP (Fig.  10C ). These labeled fibers were continuous with ones that extended through the basal forebrain in the SLEAc. The BSTLcn was relatively devoid of labeled fibers following these injection sites (Fig. 10B,C) , and there was a very light distribution of labeled fibers in the BSTLc. 
The Journal of Comparative Neurology | Research in Systems Neuroscience Cases J21FR and J20FS were relatively larger tearshaped injections that involved the ABmc and extended into the lateral ABpc. In both cases, anterogradely labeled fibers were predominantly found in the BSTLJ; however, there were also moderate numbers of labeled fibers in the BSTLcn and BSTLc. The BSTLP contained many labeled fibers only in case J20FS. All injections that included the ABmc resulted in labeled fibers in the ventral shell and core of the striatum (Fig. 10D ) and the ventromedial caudate (not shown).
ABpc: Case J18FR (not shown). Case J18FR was centered in the medial aspect of the ABpc and had no involvement of the ABmc. There were many FR-positive fibers overlying the BSTLcn and the BSTLc. Unlike cases that included the ABmc in the site, there were few to no labeled fibers in the BSTLJ. The BSTLP contained moderate concentrations of labeled fibers. The ventral striatum contained scattered labeled fibers in the shell.
CeM: Cases J9LY (Fig. 11A-D) , and J1FR (not shown). Cases J9LY and J1FR had a similar distribution of labeled fibers. The fact that case J1FR, which involved both CeM and CeLcn, was similar to J9LY, a small injection confined to the CeM, suggested a relatively restricted input from the CeLcn. Case J9LY, in which the injection site was confined to the CeM, is described. In the ventral striatum (Fig. 11A) , light patches of labeled fibers were seen in the dorsomedial and ventral shell. There were no labeled fibers in the core or caudate nucleus. Behind the caudal shell, in the rostral BSTL, there were many labeled fibers in the BSTLcn. At caudal levels, there were many densely packed, very fine varicose-labeled fibers in the BSTLcn, BSTLJ, and BSTLP. The BSTLc also contained fine, labeled fibers. Labeled fibers in the BSTLP were continuous with high concentrations of thin, beaded fibers sweeping under the globus pallidus, in the SLEAc (Fig. 11D) . CeLcn: Cases J9 FS, J1LY (Fig. 11E-H) . Compared to cases with injections encompassing the CeM (above), labeled fibers in these cases were relatively confined to the BSTLcn, with only a few labeled fibers in the BSTLc, and in both cases the labeled fibers were of relatively lower density. There were relatively few labeled fibers in the BSTLJ or BSTLP, although there were moderate concentrations of labeled fibers in the SLEAc. There were no labeled fibers in the ventral striatum.
AHA: Cases J15 AA (not shown). Tritiated amino acids were used for this large injection, which encompassed the AHA and ABs. Dense concentrations of silver grains were found in both BSTM and BSTL. While the BSTM contained the highest concentration of labeled fibers, the BSTLP also contained many labeled fibers, with a lighter concentration of AA-labeled fibers in the BSTLJ. While the main BSTLcn was conspicuously devoid of labeled fibers, a small accessory island beneath the BSTLcn was densely overlaid with labeled fibers. In the basal forebrain, labeled fibers extended in two, dorsal and ventral streams, corresponding to the location of the SLEAc and medial sublenticular extended amygdala (SLEAm), respectively.
In contrast to the broad distribution of labeled fibers in the BSTL and BSTM, the distribution of labeled fibers in the striatum was confined to the tip of the dorsomedial shell.
M: Cases J16FR, J19LY (not shown). While the majority of labeled fibers following these injections were in the BSTM, the lateral septum, and the SLEAm, there were a few labeled fibers in the BSTLcn and BSTLP and SLEAc. There were no fibers in the BSTLJ. In the ventral striatum there was a light concentration of labeled fibers in the dorsomedial shell and occasional labeled fibers in the ventral shell.
L: Case J17 LY (not shown). There were no labeled fibers in the BSTL and only scattered labeled fibers the striatum.
DISCUSSION
This is the first study in the monkey detailing amygdala inputs to BSTL subdivisions using both retrograde and anterograde tracing methods. We also compared how amygdala inputs to the BSTLcn and BSTLJ, related to projections to the ventral striatum, a region considered to be a transition zone with the BSTL (Alheid and Heimer, 1988; Alheid et al., 1995; Heimer et al., 1997) . We first found that the main afferent inputs to the BSTL as a whole originate from the medial Bpc/CTA, CeN, basal nucleus, and accessory basal nucleus, consistent with previous findings in rats and primates (Krettek and Price, 1978; Price and Amaral, 1981; Weller and Smith, 1982; Russchen et al., 1985b; Price et al., 1987; Aggleton et al., 1987; De Olmos, 1990; Dong et al., 2001a) . These findings extend previous studies in primates by showing that specific amygdala inputs vary according to relative placement of retrograde injections in the BSTLcn or BSTLJ. Anterograde injections in specific amygdala nuclei confirmed that there are distinct subcircuits that project to the BSTLcn and BSTLJ.
The BSTLcn receives its strongest projections from the medial Bpc/CTA and CeN, while the medial Bpc/ CTA and CeN provide only light inputs to the BSTLJ. The BSTLcn receives input from the CeM, CeLcn, and CeLc. The projection from the CeLcn is relatively specific, projecting only to the BSTLcn, and avoiding other BSTL subdivisions. Finally, the ABpc also has a relatively specific input to the BSTLcn. In contrast, projections to the BSTLJ preferentially originate from the ABmc and basal nucleus outside the CTA region (Fig.  12) . Anterograde injections confirmed that the ABmc mainly innervates the BSTLJ, avoiding the BSTLcn. This indicates that retrogradely labeled cells in the ABmc following injections centered in the BSTLcn resulted from some spread into the BSTLJ or BSTLP.
Comparison of medial Bpc injections involving the CTA (J20LY, J14FS, J15FS) indicates that this region consistently, and strongly, projects to the BSTLcn. In contrast to the caudal medial Bpc/CTA (cases J14FS and J15FS), the rostral medial Bpc/CTA (case J20LY) projects additionally to the BSTLJ. Furthermore, as the injection site moves laterally into the Bpc proper (case J15LY), the BSTLJ remains strongly innervated, while input to the BSTLcn diminishes. The rostral medial Bpc/CTA thus appears to be a transition region between the caudal medial Bpc/CTA and Bpc proper.
The BSTLJ is also distinguished from the BSTLcn in receiving no input from the CeLcn. The CeLcn thus has a relatively focused input to the BSTLcn, a finding noted in the rat (Petrovich and Swanson, 1997) . This projection links the BSTLcn with its "mirror" subdivision at the caudal pole of the extended amygdala, the CeLcn.
The BSTLc is a relatively thin structure in the primate, and therefore could not be isolated in retrograde studies. For the most part, anterograde injections indicate that the BSTLc contained labeled fibers whenever there were inputs to the BSTLcn, with the medial Bpc/ CTA and CeM providing the strongest projections. An injection into the ABpc also resulted in labeled fibers in the BSTLc, as well as BSTLcn.
Based on anterograde results, the BSTLP receives the broadest inputs of all BSTL subdivisions, with afferent projections from the CeM, AHA/ABs subnuclei, ABmc, ABpc, central Bpc, and medial/CTA regions. In addition, anterogradely labeled fibers in the BSTLP were consistently seen in conjunction with patches of labeled fibers in the contiguous SLEAc, which share a similar histochemical profile.
Our current results, along with our previous study examining amygdala inputs to the CeN and its transition zone, provide further support for the organization of the central extended amygdala into "symmetrical" BSTL and CeN subdivisions (present study; Fudge and Tucker, 2009 ). In addition to matching histochemical profiles (Martin et al., 1991; Heimer et al., 1999; present findings) , the CeLcn and BSTLcn each receive their main inputs from the medial Bpc and CTA regions. Furthermore, the BSTLcn, but not the BSTLJ, receives CeLcn input, suggesting a unique relationship between these two "symmetrical" structures. One possible exception to the overall "symmetry" of amygdala inputs to BSTL and CeN subdivisions may be the relatively stronger input from the ABpc to the BSTLcn compared to the CeLcn, since our anterograde injection in the ABpc resulted in relatively more labeled fibers in the BSTLcn than the CeLcn (Fudge and Tucker, 2009 ). However, more injections are needed to confirm this relationship. The broad amygdala inputs to the BSTLP roughly parallel those to the CeM, its counterpart in the caudal pole of the central extended amygdala (Heimer et al., 1999) . The BSTLJ, which we have suggested in the present study to serve as a transition zone with the ventral shell, resemble amygdala projections to transition zones between the CeN and the shell, including the lateral amygdalostriatal area and the lateral interstitial nucleus of the posterior limb of the anterior commissure (Fudge and Tucker, 2009) .
Comparison with previous studies of amygdala-BSTL connectivity in rodents
Our results are generally consistent with rodent findings (Krettek and Price, 1978; Weller and Smith, 1982; Price et al., 1987; Sun et al., 1991; Shammah-Lagnado et al., 1996; Dong et al., 2001a) . In Krettek and Price's classic rodent study focusing on amygdala inputs to the basal forebrain, anterograde injections in the CTA (known as the "amygdalopiriform transition area" or "postpiriform transition area" in rats), the Bpc (referred to as the "posterior basolateral amygdala"), the accessory basal nucleus (referred to as the "basomedial nucleus"), and the CeN resulted in strong anterograde labeling in the BSTL region (Krettek and Price, 1978) . These general results are consistent with our data in monkeys. Comparisons across BSTL and ventral striatal cases shows that the distribution following BSTLcn injections is most similar to that following an injection into the dorsomedial shell (green), while injections in the BSTLJ (magenta) result in a pattern of labeled cells that is similar to that of the ventral shell (magenta) and core (light pink).
Amygdala-bed nucleus pathway in primates
The Journal of Comparative Neurology | Research in Systems Neuroscience Many retrograde and anterograde studies later extended Krettek and Price's findings in rats, showing subdivision-specific projections (Weller and Smith, 1982; Sun et al., 1991; McDonald, 1991 McDonald, , 1998 Petrovich et al., 1996; Shammah-Lagnado et al., 1996; Petrovich and Swanson, 1997; Shammah-Lagnado and Santiago, 1999; McDonald et al., 1999; Dong et al., 2001a; Jolkkonen et al., 2001) . In a comprehensive review based on a series of anterograde studies of amygdala outputs, Swanson and colleagues concluded that there were differential inputs to the rodent BSTLJ and the BSTLcn (referred to as the "oval nucleus") (Dong et al., 2001a) . Specifically, they found that the Bpc (referred to as the "posterior basolateral amygdala," BLAp) provides the main source of inputs to the BSTLJ, while the CeLcn, CeM and CTA ("postpiriform transition region") provide the main source of inputs to the "oval nucleus." They also noted that the region of the AHA ("posterior nucleus") and PAC ("cortical nucleus, posterior division") largely avoid the BSTLcn ("oval nucleus") but target aspects of the Krettek and Price's BSTM ("principal nucleus") and dorsomedial shell , findings that are broadly consistent with our data in the monkey.
With respect to the CTA-like region in rodents, works by Dong and Shammah-Lagnado report that the CTA (the "rostromedial postpirifrom transition area" and "medial amygdalopiriform area," respectively) sends strong inputs to both the BSTLJ and BSTLcn (ShammahLagnado and Santiago, 1999; Dong et al., 2001a) . We also found strong projections to the BSTLcn and BSTLJ following injections involving the rostrocentral CTA (case J20LY). However, more caudal injection sites that included the CTA (cases J14FS and J15FS) exclusively innervated the BSTLcn.
We found that the ABmc provides specific inputs to the monkey BSTLJ, while in rats the "posterior basomedial nucleus" (sometimes assumed to be a homolog of the AB) does not project there (Petrovich et al., 1996; Dong et al., 2001a) . In the rat, both anterior and posterior basomedial amygdala project strongly to the BSTL (Petrovich et al., 1996) , although it is unclear the extent to which either has a clear homolog in primates (Crosby and Humphrey, 1941; Petrovich et al., 1996; Fudge and Tucker, 2009 ). Therefore, differences between our results and those from rodent studies may reflect species differences as previously noted for the amygdalostriatal (Fudge et al., 2002 (Fudge et al., , 2004 and amygdala-CeN paths (Fudge and Tucker, 2009) .
The primate CeN also has several discontinuities with the rat in its cytoarchitectural and connectional features (Price and Amaral, 1981; Price et al., 1987; Fudge and Tucker, 2009) . Thus, while our data are generally consistent with the rodent data of Sun et al. (1991) and Petrovich and Swanson (1997) -namely, that the CeLcn (analogous to the rodent "CeL") and CeM both provide input to the BSTLcn ("anterolateral bed nucleus subdivision" and "oval" nucleus, respectively)-the relatively large "intermediate" subdivision of the rat CeN, which also projects to the BSTL, has not been demonstrated in the primate.
Differences in details of the amygdala-BSTL path between rats and monkeys may also result from of a lack of strict homology of BSTL subdivisions. For example, the "oval" subnucleus of the BSTL (Ju et al., 1989) , also termed the "dorsal, lateral subdivision" (Alheid et al., 1995) , has been assumed to be homologous to the primate BSTLcn. While both structures contain high concentrations of NT-and CCK-positive cells and fibers, the "oval" subdivision of the rat also has high SP-IR, a feature that is absent in the primate (Ju et al., 1989; Martin et al., 1991; Heimer et al., 1999; present results) . In fact, the primate BSTLcn is actually identified by low SP immunoreactivity, underscoring important caveats in making cross-species comparisons.
Amygdala inputs across the BSTLcn/BSTLJ and ventral striatum subdivisions
In primates, amygdala inputs to the ventral striatum are relatively better-characterized than those to the BSTL (Russchen et al., 1985b; Friedman et al., 2002; Fudge et al., 2002) . Due to the close anatomic and connectional relationships shared by the ventral striatum and the BSTL in rats (e.g., Zahm, 1998), we examined the organization of amygdala inputs to each of these structures. The ABmc and basal nucleus are the main source of inputs to the ventral striatum as a whole, including the ventromedial caudate nucleus, consistent with previous studies (Russchen et al., 1985b; Friedman et al., 2002; Fudge et al., 2002) (Table 4) . In this study, we replicated and extended our previous results, showing that the "transitional" nature of the shell between the BSTL and striatum can be appreciated in inputs from specific amygdaloid nuclei. For example, the shell is distinguished from the core and ventromedial caudate nucleus by light to moderate inputs from the CeM, which also target the BSTL. The dorsomedial shell is further distinguished by additional inputs from the medial Bpc/CTA, which are also an important afferent source for the BSTLcn. The dorsomedial shell is also unique in receiving inputs that target the medial extended amygdala, including those from the AHA, a finding also noted in the rodent Brog et al., 1993) . This indicates that the dorsomedial shell is a site where afferents common to the BSTL, BSTM, and striatum converge.
There is a shift in the topography of amygdala inputs as the projection to the striatum moves ventrally from the ventromedial caudate nucleus to the core of the ventral striatum, and then to the ventral and dorsomedial shell. In addition to "striatal"-like inputs from the basal nucleus and ABmc that are typical of the ventromedial caudate nucleus and ventral striatal core, the shell receives additional projections that innervate the BSTL, including additional inputs from the CeN, the PAC, and the medial Bpc/CTA. Within the shell, there is a medial to lateral topography paralleling that in the BSTLcn and BSTLJ, respectively. While the BSTLcn and dorsomedial shell receive strong inputs from the medial Bpc/CTA and relatively fewer inputs from the ABmc, Bpc, and Bi, the BSTLJ and ventral shell/core primarily receive inputs from these latter subnuclei (Fig. 12 , Table 4). Interestingly, when both the BSTLcn and BSTLJ were strongly labeled, for example, following an anterograde injection in the rostrocentral CTA (case 20LY, Fig. 9 ), both the dorsomedial and ventral shell/core contained patches of anterogradely labeled fibers. As noted, the dorsomedial shell also receives some inputs that innervate the BSTM, such as the AHA and M. In sum, as amygdala inputs move ventrally in the striatum and into the BSTL, the projection shifts to involve increasingly transitional regions of the amygdala such as the CTA, ABs, and AHA as well as the CeN.
The connectional similarities observed across BSTL and ventral striatal subdivisions are also seen in the intrinsic histochemical organization of both structures. Specifically, the BSTLJ/ventral shell have relatively high levels of the striatal-like marker AChE, compared to the BSTLcn/dorsomedial shell. Conversely, high levels of the classic extended amygdala peptides ST and NT are expressed in the dorsomedial shell and BSTLcn, but not the BSTLJ/ventral shell. The connectional and histochemical gradients noted in this study are supported by the original work of Heimer and colleagues who proposed that the dorsomedial shell, particularly its "cone" region, is more closely associated with the extended amygdala (Alheid and Heimer, 1988) . "Striatal" properties of the BSTLJ observed in this study are also consistent with earlier reports of the BSTLJ in rodents. For example, McDonald (1983) commented on the "striatallike" nature of the spiny neurons confined to the BSTLJ in Golgi impregnation specimens, a finding echoed by more recent studies (Martin et al., 1991; Heimer et al., 1999; Larriva-Sahd, 2004) .
Technical considerations
An advantage of retrograde studies is the ability to provide a sensitive overview of afferent structures that can influence specific brain regions. Within subjects, a single injection also enables analysis of the relative number of labeled cells projecting to a region. Key concerns, however, are the encroachment of tracer on nearby structures, and the possibility of tracer uptake and transport by fibers of passage, leading to false-positive results (Halperin and LaVail, 1975; Nance and Burns, 1990) . Both issues are particularly relevant for injections in structures such as the BSTL, which is small and lies in, or near, passing fiber tracts. Because injections which cause necrosis or tissue damage at the site are most prone to fibers of passage problems, we used slow, pressure injections of tracer (Nance and Burns, 1990; Schmued et al., 1990; Vercelli et al., 2000) . We also eliminated cases where there was obvious tissue damage and nonspecific labeling, and then the remaining cases were examined for evidence of uptake by fibers of passage. For example, fibers leaving the amygdala and "passing through" the BSTL go on to innervate the cortex and mediodorsal thalamus (Porrino et al., 1981; Russchen et al., 1987; Aggleton and Mishkin, 1984; Miyashita et al., 2007) . Retrograde labeling in the amygdala resulting from uptake by these fibers of passage would therefore be expected to also label these brain regions. While we noted retrogradely labeled cells in the cortex, their distribution was confined to areas previously noted to innervate the BSTL (Freedman et al., 2000; Ghashghaei and Barbas, 2001 ). There were no retrogradely labeled cells in broader cortical regions connected with the amygdala proper, or the mediodorsal thalamus. Finally, to check for fiber of passage issues, we examined cases where the injection target was "missed" and an injection placed in nearby fiber tracts, such as the anterior commissure or internal capsule. These injection sites resulted in very few retrogradely labeled cells in any brain region, suggesting that the fiber of passage problem was negligible.
Retrograde studies of complex structures require anterograde studies to confirm the specificity of nucleispecific afferent paths. Indeed, our anterograde studies were critical for clarifying projections to the BSTLcn versus BSTLJ. Anterograde studies are also important since the density of retrogradely labeled cells does not necessarily correspond to the density of the terminal field. Because anterograde tracers are also theoretically subject to a "fibers of passage" problem, as well as false labeling of axon collaterals, careful analysis in conjunction with retrograde studies is required. Since injections within the lateral nucleus, basal nucleus subdivisions, and accessory basal nucleus resulted in different patterns of labeling not only in the BSTL subdivisions, but also in various predicted terminal fields, false-positive labeling by passing fibers or axon collateral was thought to be minimal.
Functional considerations
In this study, we show that the amygdala sends differential projections to the BSTLJ and BSTLcn, suggesting subtle differences in the microcircuitry carrying information to each region. The density and specificity of inputs from the medial Bpc/CTA to the BSTLcn and dorsomedial shell is particularly striking. The CTA is a poorly understood part of the amygdala, and due to its relatively undifferentiated nature, has received multiple names, including the "amygdalohippocampal transition area," "postpiriform transition area," "amygdalopiriform transition area," and amygdaloentorhinal field (Insausti et al., 1997; Shammah-Lagnado and Santiago, 1999; Jolkkonen et al., 2001; Santiago and Shammah-Lagnado, 2005) . We have previously emphasized the primate CTA's continuity with the medial PL, which flows into the CTA dispersing into streams and islands of cells . We previously found that the CTA and contiguous PL is the only amygdala subregion that projects to the CeLcn (Fudge and Tucker, 2009 ). Thus, the CTA is a common and specific input to both lateral core subdivisions at each end of the central extended amygdala continuum (BSTLcn and CeLcn), adding a common connectional feature to their histochemical and cellular similarities (Heimer et al., 1999) .
In monkeys, the CTA is unique in serving as a crossroads between the so-called "olfactory" (corticomedial) amygdala and "sensory" (basolateral) amygdala. While the corticomedial amygdala is best known for receiving olfactory information from the piriform cortex and olfactory bulb (Krettek and Price, 1977) , in primates this projection tapers off in the region of the CTA (Price's "PACs") (Carmichael et al., 1994) . The CTA region in monkeys is also characterized by abundant "sensory association" inputs from the lateral nucleus of the amygdala (Pitkanen and Amaral, 1998) , which processes higher level visual, auditory, and tactile information on which primates are relatively dependent compared to macrosomatic species (Turner et al., 1980; Webster et al., 1993) . The insula, which mediates sensations derived from inside the body such as taste, olfaction, and bodily sensations (Carmichael et al., 1994; Craig, 2002; Critchley et al., 2004) , also has a strong input to the CTA region (Mufson et al., 1981; Carmichael and Price, 1996; Hoistad and Barbas, 2008; unpublished results) . Insula projections suggest that internal sensory states, rather than simple olfactory inputs, are important drivers of the CTA responses in monkeys. Finally, the medial Bpc/CTA receives some of the strongest hippocampal inputs in the amygdala (Rosene and Van Hoesen, 1977; Saunders et al., 1988; Fudge et al., 2012) . These inputs can be thought of as conveying temporal and spatial coordinates of past and present experiences (Squire, 1993; Paz et al., 2010; Naya and Suzuki, 2011) , enabling interpretation of the environment. Thus, with converging inputs from exteroceptive and interoceptive sensory centers and the hippocampus, the CTA is positioned to convey information on potentially dangerous environments based on past experience to modulate the BSTL. Recognizing complex environments, and their salience, may be advantageous, enabling the organism to enter a state of defensive preparedness manifested by behavior changes (hypervigilance) and autonomic arousal levels. These functions are associated with BST activation in response to danger (Walker and Davis, 1997; Somerville et al., 2010; Alvarez et al., 2011) .
In humans, Alvarez et al. (2011) demonstrated heightened BST activity in normal subjects upon exposure to a dangerous virtual environment (a scene associated with unpredicted shock). BST activity was associated with heightened subjective fear ratings and autonomic arousal, as well as activation in the ventral amygdala and hippocampus. This finding suggests that contextual knowledge from the hippocampus and amygdala are important for protective behaviors associated with BST activity, including threat monitoring and elevated arousal levels (Mobbs et al., 2010; Somerville et al., 2010) . Although functional imaging techniques are still unable to resolve specific BSTL subdivisions, our connectional data suggest that the BSTLcn, with its prominent afferents from the medial Bpc/CTA and CeN, is the main subdivision mediating these responses.
In contrast to the BSTLcn, the BSTLJ, like the ventral striatum, receives its main amygdala inputs from the ABmc and basal nucleus. In rodents, the BSTLJ has efferents typical of the ventral striatum, avoiding the paraventricular nucleus, parabrachial nucleus, and the nucleus of the solitary tract; regions typically associated with the extended amygdala outputs (Moga et al., 1989; Zahm et al., 1999; Dong et al., 2000) . Pharmacologic studies implicate both the BSTLJ and ventral striatum in the negative affective responses of drug and alcohol withdrawal (review, Koob and Volkow, 2010; Walker et al., 2000; Gracy et al., 2001; Veinante et al., 2003; Francesconi et al., 2009; Szucs et al., 2012) , supporting functional similarities between the two structures.
CONCLUSION
The BSTLcn and BSTLJ are prominent subdivisions of the BSTL that are histochemically distinct, and sit directly behind the shell of the ventral striatum. The BSTL has been relatively neglected in primate tracttracing work despite its importance in threat monitoring and anxiety-like responses across species. We found that at a microscopic level the BSTLcn and BSTLJ receive distinct afferent inputs from specific amygdala subnuclei, with the medial Bpc/CTA, and CeN targeting the BSTLcn, and the ABmc and basal nucleus forming most of the afferent path to the BSTLJ. The rostrocentral medial Bpc/CTA and CeM send projections to both subdivisions. The ventral striatum receives many of these same inputs, which are topographically organized such that the dorsomedial shell shares inputs with the BSTLcn and the ventral shell/core shares inputs with the BSTLJ. This arrangement not only supports the idea of the shell as a transition with extended amygdala structures, but also describes distinctions between the dorsomedial and ventral shell/core subregions and their relationship to the BSTL.
